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The aim of the present study was to determine the water content limit for the cryopreservation of caju-
de-árvore-do-Cerrado (Anacardium othonianum Rizz) achenes and assess the effect of the thawing 
method on their performance. Achenes were dried in silica gel until water contents of 14, 12, 8 and 4% 
w.b. (wet basis) were reached and then were stored in cryogenic cylinders in direct contact with liquid 
nitrogen (-196°C) for 20 days; then, the achenes were subjected to slow, fast and microwave thawing. 
After thawing, the achenes underwent physiological evaluation and vigor tests. The water content limit 
for the cryopreservation of A. othonianum Rizz achenes was determined to be between 14 and 12% w.b. 
Water contents of less than 12% reduced the physiological quality and vigor of the achenes. The 
thawing method used did not affect the viability of the achenes for most features assessed; however, 
when thawed in a microwave, the achenes exhibited poorer performance, especially those that had 8% 
water content. 
 





The Cerrado (savannah) region is the second largest 
Brazilian biome, originally covering 21% of the country’s 
territory. Intense pressure from livestock and extractive 
activities in the Cerrado has endangered many 
ecologically, socially and economically important species. 
Approximately, half of the original 2 million km
2 
of the 
Cerrado has been transformed into cultivated pastures 
and annual crops and for other uses (Costa, 2009; Klink 
and Machado, 2005). The species locally known as cajú-
de-árvore-do-cerrado (Anacardium othonianum Rizz.) is 
a typical species that is well known and much 
appreciated in the Cerrado region of the Brazilian Central 
Plateau. This tree species occurs throughout the Federal 
district and in the state of Goiás (GO) and is 3-4 m in 
height with a crown diameter of 3 to 4 m; propagation 
occurs predominantly through seeds. The pseudofruits of 
this tree are 2 to 4 cm in length and 2 to 3 cm in diameter 
and weigh between 5 to 12 g. The color of the ripe 
pseudofruit peel varies from yellowish to reddish. The 
plant is consumed in the form of in natura pulp or juice, 
liquor or sweets. The nut also constitutes an alternative 
food source and can be consumed when toasted (Vieira 
et al., 2006). 
Brazilian biomes are under severe environmental and 
anthropic pressure; the in situ conservation of native 
species in their natural habitat through the creation of 
protected areas is the predominant approach used for 
biodiversity protection and germplasm conservation 
(Pilatti et al., 2011). Conversely, the storage of seeds 
represents the simplest and most feasible and cost- 
 
*Correspondence author. lilianabadia5@gmail.com. Phone: 0(64) 8448-6707 
 
Abbreviations: GRI, Germination rate index; ERI, emergence rate index; SBD, stem base diameter.  




effective way for preserving ex situ plant genetic 
variability; this is being achieved through the 
establishment of germplasm banks (Van Slageren, 2003). 
Ex situ seed conservation provides an additional 
protection against the risks inherent in field conservation, 
for example, losses due to climatic changes or diseases 
and pest attacks (Pilatti et al., 2011). Nevertheless, the 
deterioration and loss of physiological quality of seeds in 
germplasm banks may compromise long-term seed 
storage (Walters et al., 2004). Success in the 
preservation of the seed physiological quality is affected 
by factors including water content, relative humidity and 
air temperature (Carvalho and Nakagawa, 2000). 
Environments with lower relative humidity and 
temperature have been shown to be more suitable for 
preserving orthodox seeds, preserving their germinative 
capacity and vigor (Marcos Filho, 2005).  
Strategies of ex situ conservation involving 
biotechnological approaches for the conservation of 
seeds, tissues, pollen and DNA in germplasm banks 
should be fully explored in view of global climate change 
(Ahuja, 2011). A biotechnological approach, 
cryopreservation consists of the storage of biological 
material at ultra-low temperatures, usually at liquid-
nitrogen temperature (-196°C). This technique is an 
efficient method for the long-term storage of genetic 
resources because most biological activity ceases at 
extremely low temperatures (below -150°C), consequently 
preventing deterioration. Cryopreservation can provide 
optimum conditions for germplasm banks (Engelmann, 
2004; Hirano et al., 2006; Walters et al., 2004). 
Therefore, cryopreservation is an increasingly important 
technique for the conservation of endangered species, 
especially for the germplasm of tropical forest plants, for 
which cryopreservation protocols must be rapidly 
established. The acquisition and conservation of genetic 
resources from tropical forests is difficult and requires 
strategic planning (Muthusamy et al., 2005). Although the 
use of cryopreservation remains limited, the number of 
examples of large-scale cryopreservation of various types 
of material is increasing, including seeds with orthodox 
behavior and intermediate storage requirements, dormant 
buds, pollen and biotechnology products (Engelmann, 
2004). 
The success of cryopreserving desiccation-tolerant 
seeds depends on two major steps: (1) dehydration of the 
specimen in an environment that ensures that the water 
content is below the high-moisture freezing limit; and (2) 
transfer to and maintenance at a temperature below zero, 
which can be optimized with respect to the humidity of 
the seed lot and the species (Pritchard, 2007). Several 
protocols have been developed for the cryopreservation 
of many plant species, including crop plants, grasses, 
ornamental plants, tropical and temperate fruits, legumes 
and oilseeds (Santos, 2001). In this regard, Walters et al. 
(2004) predicted that the viability of lettuce seeds 
(Lactuca sativa L.), when stored in direct contact with 





However, the development of cryopreservation protocols  
for genetic material obtained from native Brazilian plants 
remains limited, and most of the efforts are directed at 
preserving economically important species (Pilatti et al., 
2011). 
Water content, chemical composition and freezing and 
thawing rates are limiting factors for the maintenance of 
physiological quality and metabolic integrity of seeds after 
the cryopreservation process (Cavalcante-Mata, 2004). 
However, among these factors, the water content of 
seeds at the time of immersion in liquid nitrogen should 
be considered the most critical factor in cryopreservation. 
The water content should be reduced to a level that 
prevents the formation of intra-cellular ice crystals during 
the ultra-fast freezing process (promoted by the 
immersion in liquid nitrogen), thereby preserving the 
integrity of the seed tissues (Lambardi et al., 2004). If the 
water content is too low, the seeds might lose plasticity, 
causing fissures in their physical structure and the 
rupture of cell structures (Cavalcanti-Mata, 2004).  
Therefore, the aims of the present study were to 
determine the water content limit required for the 
cryopreservation of caju-de-árvore-do-Cerrado 
(Anacardium othonianum Rizz) achenes and to assess 




MATERIALS AND METHODS 
 
Fruits were collected at Fazenda Gameleira (Gameleira Farm) 
located in the municipality of Montes Claros, state of Goiás (GO) 
(16° 06’ 20’’ S - 51° 17’ 11’’ W, 592-m altitude), during September 
2011. Fruits were collected from 10 mother trees; the experiment 
was conducted at the seed laboratory of the Federal Institute of 
Goiás (Instituto Federal Goiano - IF Goiano) - Rio Verde Campus, 
GO. The achenes were extracted manually from the fruits, 
subjected to beneficiation and then treated with Vitavax-Thiram
®
 
fungicide [active ingredient (carboxin + thiram): 200 + 200 g/L] at a 
concentration of 300 mL of fungicide diluted in 500 mL of water to 
100 kg of achenes. 
The initial water content of the achenes was determined in three 
sub-samples using the oven-drying method at 105±3°C for 24 h 
according to the Guidelines for Seed Analysis [Regras para Análise 
de Sementes] (Brasil, 2009), and the results were expressed as the 
percentage on a wet basis. The achenes were then dried until they 
reached the water contents established for determining the 
moisture content limit for cryopreservation (14, 12, 8 and 4% w.b.). 
The samples were dried by arranging them evenly in trays covered 
with blue silica gel and were weighed every hour until the weights 
corresponding to the desired water contents were achieved. The 
samples were weighed using a precision electronic scale (0.001 g). 
The water loss of the achenes was determined according to the 




Where, Wf, final weight of the sample (g); Wi, initial weight of the 
sample (g); WCi, initial water content of the achenes (% w.b.); and 
WCf, desired water content of the achenes (% w.b.). 





aluminum canisters, sorted by water content and stored in 
cryogenic cylinders that were placed in direct contact with liquid 
nitrogen at -196°C for 20 days. After the cryostorage period, the 
achenes were thawed using the following methods: slow thawing at 
room temperature of 25°C for 2 h, fast thawing in a water-bath at 
37°C for 5 min and microwave thawing at 150 W power for 2 min. 
After thawing, the achenes were rinsed with distilled water and 
placed on paper towels to eliminate excess water. After thawing, 
the physiological quality and vigor of the achenes was assessed 
based on the following parameters: percentage of germination, 
germination rate index (GRI), percentage of emergence, 
emergence rate index (ERI), accelerated aging (%) and electrical 
conductivity. The ability of the plant structures to regenerate after 
cryopreservation and thawing was assessed based on the following 
parameters: stem base diameter (SBD), length of the aerial parts 





In the germination test, three replicates of 25 achenes were used; 
these were arranged on germitest paper, which was rolled and 
moistened with distilled water in an amount equivalent to 2.5 times 
the weight of the dry substrate. The rolls were maintained in 
Mangelsdorf-type germination chambers at 25°C. Assessments 
were performed daily for 30 days to determine the rate of 
germination speed (GSI) according to the equation proposed by 
Maguire (1962), considering that the seeds had germinated 
protrusion radiular 0.5 cm. In determining the germination 
percentage, only normal seedlings (in which all essential structures 
were developed, without any damage) after 30 days of evaluations 
were considered.  
 
 
Accelerated aging test 
 
In the accelerated aging test, three replicates of 25 achenes were 
used; the method adopted was that proposed by Valentini and 
Piña-Rodrigues (1995). The test was conducted in germination 
boxes (gerbox) with aluminum mesh inside, in which the achenes 
were evenly arranged. To each box, 40 mL of distilled water was 
added, and 25 achenes were arranged on the mesh. The capped 
gerboxes were maintained in a temperature-regulated germination 
chamber at 40°C for 72 h. After aging, the achenes were subjected 
to the germination test as previously described, and the results 
were expressed as a percentage of normal seedlings.  
 
 
Electrical conductivity test 
 
The electrical conductivity test was conducted on three sub-
samples of 10 achenes. The samples were weighed using a 
precision electronic scale (0.001 g), placed in plastic cups with 75 
mL of deionized water and maintained in a germination chamber at 
25°C for 24 h. After this time, the electric conductivity of the solution 
was measured using a Technal digital conductivity meter (model 









The emergence test was conducted in a greenhouse at a mean 
temperature of 24.9±4°C and a relative humidity of 76±14.5% 
during the evaluation period. Three replicates of 25 achenes were 
used, which were sown in sand at a 3-cm depth. The substrate was 
moistened up to 70% of its field capacity and irrigated by spraying 
three times daily. Daily counts were performed, recording the 
emergence of seedlings above a 1 cm height; from this, the ERI of  




the seedlings was determined according to Maguire (1962). Thirty 
(30) days after sowing, the percentage of emergence corresponded 
to the percentage of normal seedlings (with all essential structures 
formed and showing no damage).  
For the assessment of the stem base diameter (SBD) and the 
length and dry mass of seedlings, the normal seedlings from the 
emergence test were measured 30 days after sowing. The SBD 
was measured using a digital caliper. A ruler was used to measure 
the length of the aerial parts and root of normal seedlings. To 
determine dry mass, the leaves, stem and roots of the seedlingsin 
each replicate were sorted, placed in paper bags and dried in an 
air-circulating oven-dryer at 65°C for 48 h. After drying, the samples 





The experiment consisted of a completely randomized design in a 
4x3 factorial arrangement with four water contents (4, 8, 12 and 
14% w.b.) and three thawing methods (slow, fast and microwaved) 
with three replicates. The analysis of variance (ANOVA) and 
comparison of means using the Tukey test at 5% of significance 
were performed using Sisvar software (Ferreira, 2003). Simple 
linear regressions and polynomial regressions were used to 
compare the water content of the achenes. Data expressed as 
percentages were transformed into arcsin √x/100, in which x refers 
to percentage, and numerical data were transformed into √x+0.5.  
 
 
RESULTS AND DISCUSSION 
 
Water content limit for cryopreservation  
 
The highest values for germination (Figure 1A) and GRI 
(Figure 1B) were obtained for achenes with water 
contents of 12 and 14%, respectively; these values 
decreased with a decrease in water content. These 
results demonstrate that reducing the water content to 
below 12% w.b. negatively affects the vigor and seedling 
development during cryopreservation of achenes. A 
similar result was found for seeds of cinchona (Strychnos 
pseudoquina A. St. Hil) in the cryopreservation of seeds 
with moisture content below 7%, caused a reduction in 
the percentage of germination, suggesting a negative 
response to freezing for seeds with this water content 
(Silva et al., 2012). Conversely, the freezing of 
Brazilwood (Caesalpinia echinata Lam.) seeds with high 
water content (21.9%) resulted in a significant reduction 
in germination capacity, indicating that such seeds are 
freeze tolerant as long as their water content is not high 
(Hellmann et al., 2006). Seeds of purple tabebuia 
[Tabebuia impetiginosa (Mart. ex DC.) Standl.] 
cryopreserved with moisture levels of 12.5, 8.4 and 4.2% 
maintained their physiological performance in liquid 
nitrogen. However, the higher water content (18.3%) 
caused decreased germination, indicating a detrimental 
effect on seed preservation (Martins et al., 2009). The 
germination of common ash (Fraxinus excelsior L.) seeds 
when stored in liquid nitrogen within a water content 
range of 5.66 to 19.35% w.b. varied between 6% and 
74%, depending on the water content (Chmielarz, 2009). 
Thus, the water content suitable for cryopreservation and  













Figure 1. Percentage of germination (A) and germination rate index - GRI (B) for achenes of A. othonianum Rizz with different water 
contents and subjected to cryopreservation in liquid nitrogen at -196°C for 20 days. *Significant at 5% probability according to the F 






Figure 2. Accelerated aging (A) and electrical conductivity (B) for A. othonianum Rizz achenes with various water contents subjected 
to cryopreservation in liquid nitrogen at -196°C for 20 days. *Significant at 5% probability according to the F test. Bars: standard error 




maintaining the quality of seeds and propagules of 
dispersion varies according to the species tested and the 
freezing method, which requires investigation of moisture 
content limit for each species. 
With regard to accelerated aging, achenes with a water 
content of 14% exhibited the highest germination value 
(Figure 2A); however, as the water content of A. 
othonianum Rizz achenes decreased, a decrease in the 
percentage of germination after aging was observed. 
These data confirm the negative effect of reducing the 
water content in the vigor and force of achenes 
demonstrated by germination test. While studying the 
cryopreservation of Citrus seeds (C. sinensis, C. 
paradisiand C. reticulata), Graiver et al. (2011) observed  













Figure 3. Emergence (A) and emergence rate index - ERI (B) for A. othonianum Rizz achenes with various water contents 
subjected to cryopreservation in liquid nitrogen at -196°C for 20 days. *Significant at 5% probability according to the F test. 




a decrease in the percentage of germination in all tested 
seeds when desiccation was performed to an equilibrium 
relative humidity of less than 75%, with the lowest values 
observed at 11%. 
The highest values for electrical conductivity (Figure 2B) 
were found for achenes with 12% w.b., and this 
decreased as their water content decreased. Therefore, 
the lowest values of ion leaching in the electrical 
conductivity test were obtained for achenes with low 
water contents, demonstrating that achenes with high 
water content exhibit disorganized membrane systems 
when subjected to cryopreservation and thawing by 
various methods.  
The pattern found for the electrical conductivity 
contrasts with that observed for the physiological quality, 
since in this case showed higher membrane damage in 
seeds with high water contents. However, the existence 
of membrane damage did not cause significant effects on 
seedling development, and thereby, it is believed that 
repair mechanisms may act during the reactivation of 
metabolism, protecting the membrane system and 
preventing loss of viability achenes. For sunflower seeds 
stored at sub-zero temperatures, a loss of membrane 
structure was observed for seeds dried in silica until 
lower water contents were reached, causing a greater 
leaching of seed exudates (Jose et al., 2010). The 
highest values for emergence (Figure 3A) and ERI 
(Figure 3B) were obtained for achenes cryopreserved 
with 12% water content, and a decrease in the values of 
these parameters occurred in response to decreased 
water content. Silva et al. (2011) observed a similar result 
for Barbados nut (Jatropha curcas L.) seeds, in which 
desiccation at a 6.4% water content associated with 
longer periods of liquid nitrogen exposure caused 
abnormalities in seedlings, damage to leaf cells and 
tissues and a negative effect on germination. 
For common ash (F. excelsior L.) seeds with water 
contents of 7.40 to 19.35% w.b., the emergence of 
seedlings after freezing in liquid nitrogen ranged from 49 
to 65%, and this result did not differ from thatfor non-
cryostored seeds (Chmielarz, 2009). According to Hor et 
al. (2005), seeds of four different species of the genus 
Citrus (Citrus aurantifolia, Citrus grandis, Citrus 
madurensis and Citrus reticulata) after exposure to liquid 
nitrogen exhibited no survival at high water contents, and 
a dramatic increase in the percentage of emergence was 
found by decreasing the water content up to 75 to 80%; 
subsequently, a low rate of decrease was observed as 
the desiccation was decreased to 75 to 80%.  
For the remaining parameters (Figure 4A, B, C, D and 
E), except for root dry mass (Figure 4F), the best results 
were achieved with achenes cryopreserved with a 12% 
water content, and decreases occurred in response to 
decreases in their water content; the lowest values were 
achieved at a 4% water content. The highest values for 
root dry mass were obtained for achenes with a 14% 
water content, and the lowest values were achieved for 
achenes with an 8% water content.  
In this sense, achenes cryopreserved with higher water 
contents tested produced more vigorous seedlings, 
confirming the negative effect of cryopreservation of 
achenes with low water content in the development and 
seedling vigor, so it is recommended the adoption of the 
levels   14   and   12%   wb   for   the  cryopreservation  of  




















Figure 4. Stem base diameter - SBD (A); aerial parts’ length - APL (B); root length - RL (C); stem dry 
mass - SDM (D); leaf dry mass - LDM (E); root dry mass - RDM (F) for A. othonianum Rizz seedlings 
obtained from achenes with various water contents subjected to cryopreservation in liquid nitrogen at -





achenes of the species in question. On the other hand, 
for seeds of Jatropha (Jatropha curcas L.) a cryogenic 
storage, within the range of water content of 4 to 8% but 
does not affect seed germination, providing higher values 
of dry mass and length seedlings (Goldfarb et al. 2008). 
The vigor of Pink Trumpet tree [Tabebuia heptaphylla 
(Vell.) Toledo] seedlings from cryopreserved seeds was 
not  affected  by  storage  in  liquid  nitrogen  Higa  et  al.  




Table 1. Percentage of germination, germination rate index (GRI) and accelerated aging for A. othonianum Rizz achenes 
cryopreserved with various water contents and subjected to different thawing methods.  
 
Thawing method 
Water content (% w.b.) 






32.09a ns ns 
Fast 54.82a 59.74a 55.00a 27.09a *1 ns 
Microwave 70.31a 58.77a 6.14b 50.79a ns *2 
 
GRI 
Slow 1.37a 1.51a 1.30a 1.13a ns ns 
Fast 1.45a 1.50a 1.42a 1.03a *3 ns 
Microwave 1.60a 1.41a 0.77b 1.46a ns *4 
 
Accelerated aging (%) 
Slow 45.00a 46.92a 49.03a
z
 36.63a ns ns 
Fast 59.24a 23.55a 50.84a 32.35a ns ns 
Microwave 46.92a 25.50a 0.00b 35.59a ns *5 
 
z 
Means followed by the same letter in the columns did not differ significantly between each other at 5% probability according to 
Tukey’s test. In the rows, 
*
represents significance at 5% probability. ns = Non-significant. 
1
Y = 22.66 - 2.78 X. R
2
 = 0.6900; 
2
Y = 




 = 0.8214; 
3
Y = 2.21 - -0.31 X. R
2
 = 0.6900; 
4




 = 0.6574; 
5
Y = 114.64 - 









According to Lima et al. (2012), A. othonianum Rizz 
seeds with water contents of 20 and 16.8%, which were 
stored in germination chamber (BOD) bottles at 18°C, 
maintained their viability for up to 12 months. However, 
seeds stored at 29.5% humidity (humidity at harvest) lost 





Interactions were observed between the percentage of 
germination, GRI and accelerated aging. The achenes 
cryopreserved at 8% water content and thawed in a 
microwave exhibited the lowest values of these variables 
(Table 1).  
In onion seeds, thawing at room temperature led to the 
greatest reduction in physiological quality; the microwave 
thawing method was the most suitable because it 
maintained the physiological quality and the starch, 
protein and soluble sugar contents of the seeds (Molina 
et al., 2006). S. pseudoquina A. St. Hil. seeds 
cryopreserved with a 6% water content showed no 
difference between the slow and fast thawing methods 
(Silva et al., 2012). Pink Trumpet tree seeds [T. 
heptaphylla (Vell.) Toledo] with 7.5 and 8.4% water 
contents maintained their germination capacity after 
storage in liquid nitrogen. The storage period (15 min to 
26 weeks) and the type of thawing (slow and fast) did not 
affect germination, which varied between 54 and 67% 
(Higa et al., 2011). 
According to Taiz and Zeiger (2009), fully hydrated 
plant cells can retain viability if quickly cooled to prevent 
the formation and growth of ice crystals, which could 
otherwise destroy intracellular structures. Rapid heating 
of frozen tissues is also necessary to prevent the 
transformation of small ice crystals into larger crystals 
that can cause damage or prevent the loss of water vapor 
by sublimation because both process occur at 





The water content limit for the cryopreservation of 
Anacardium othonianum Rizz achenes is between 14 and 
12% w.b.; water contents of less than 12% reduced the 
physiological quality and vigor of achenes. The thawing 
method did not affect the viability of achenes for most of 
the evaluated parameters; however, achenes with 8% 
water content and thawed in a microwave exhibited 
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